Changes in the stratosphere-troposphere exchange (STE) of ozone over the last few decades have altered the tropospheric ozone abundance, and are likely to continue doing so in coming century as climate changes. 
Linoz is linearized ozone chemistry for stratospheric modeling (McLinden et al., 2000) .
46
It calculates the net production of ozone (i.e. production minus loss) as a function of only three independent variables: local ozone concentration, temperature, and overhead 48 column ozone). A zonal mean climatology for these three variables as well as the other 49 key chemical variables such a total odd-nitrogen methane abundance is developed from 50 satellite and other in situ observations. A relatively complete photochemical box model 51 (Prather, 1992 ) is used to integrate the radicals to a steady-state balance and then com-52 pute the net production of ozone. Small perturbations about the chemical climatology 53 are used to calculate the coefficients of the first-order Taylor series expansion of the net 54 production in terms of local ozone mixing ratio (f), temperature (T), and overhead column 55 ozone (c),
The photochemical tendency for the climatology is denoted by (P-L) o ,and the climatology 57 values for the independent variables are denoted by f o , c o , and T o , respectively. Including affecting photolysis rates include the quantum yield of O( 1 D) from O 3 photolysis and the
111
NO 2 cross sections.
112
As an example of how the stratospheric chemistry model has evolved since v1, we follow 113 the chemistry updates using a standard ATMOS profile (May 31, 30N) from previous 114 models and measurements studies (Prather and Remsberg, 1993) . The height profiles 115 of net ozone production (P-L) and its derivatives with respect to ozone, temperature, 
120
Updating the quantum yields and cross sections only (JPL97-S2) has no effect on the three 121 derivatives and a barely noticeable effect on net production, i.e., a small increase near 40 122 km. Updating the solar fluxes in addition (JPL97-S1) also has no effect on the derivatives 123 but causes a large increase in net production throughout the stratosphere above 25 km.
124
The update to JPL 2000 kinetics (JPL00-S1) causes a notable decrease in the temperature 125 derivative between 34 and 48 km with an increase in net production from 34 to 44 km and an increase in net production peaking around 38 km. points for which the O 3 abundance is greater than 100 ppb (10 −7 moles per mole of dry air).
154
These simulations do not include realistic tropospheric ozone chemistry, but instead invoke with an e-folding time-scale of 2 days (Hsu et al., 2005) . 70-90 N in December). The comparison is also for only one year of EC meteorology and 206 a better comparison of the seasonality in total column O3 is presented in Fig. 4 below.
207
To study interannual variability we use continuous ECMWF IFS T42L40 meteorological 24 hours and appears to generate a QBO pattern in the lower stratospheric transport.
250
The magnitude of the modeled equatorial and SH interannual variability in O 3 column,
251
however, is often twice as large as observed.
252
To understand the modeled interannual variability and its relation to the STE O 3 flux,
253
we isolate the QBO signal following the regression procedure of Randel and Wu (1996) . A and show a large-scale, low-frequency, coherent structure in the SH that is roughly out of 271 phase with the structure at the equator. longer data set will be needed to confirm its significance. In the NH, the STE residuals 313 lack coherence and have smaller amplitudes.
314
Influx of O 3 from the stratosphere is a principal component of the tropospheric O 3 315 budget, the others being in situ photochemical production and loss and surface deposition.
316
The amount of tropospheric O 3 that can be assigned a stratospheric origin, however, is troposphere is largest). In northern mid-latitudes, the seasonal peak-to-peak range is 8 328 DU, and although this tends to follow the troposphere mass (i.e., the tropopause peaks in 329 late summer) a large fraction appears to follow the STE ozone flux. This large seasonality 330 is driven without tropospheric chemistry. We expect the TCO to lag the STE by a month 331 (i.e., the tropospheric lifetime of an STE perturbation, see Section 6 for more discussion).
332
Comparing to the recently observed TCO derived from OMI and MLS measurements spheric mass shows the variation in mean tropospheric ozone abundance (ppb in Fig. 8b ).
341
Here, we see that peak abundances tend to follow the STE ozone flux. Given that the 342 tropospheric parameterization pushes to a uniform mixing ratio, this simulation provides 343 a measure of the seasonality and amplitude of tropospheric O 3 variability driven by STE. 1979, which is not modeled here.
382
The latitude-month change in the STE ozone flux is quite different from that in total 383 column ozone. For the NH STE change, the difference pattern follows roughly the seasonal 384 pattern in Fig. 7 
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• The STE shows negative anomalies over the mid-latitudes during the easterly phases
480
of the QBO and vice versa. The QBO-induced overturning circulations over mid-latitudes 481 during the easterly phase creates conditions that reduce STE.
482
• The STE flux alone drives a large seasonal change in the tropospheric ozone bur-
483
den with NH mid-latitude peak-to-peak changes of about 7-8 DU that parallels the late NOy (19.4 ppb) Cly ( JPL00−S1
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